The spectra of this group of metals have already been considered in a paper by the author, on " A Comparative Study of Spectra," &c * It was there shown that the differences between the principal series of lines in these metals depended on the atomic mass alone; and also that there was a close connection between the subordinate series and the atomic mass. A further study of the latter series was impossible at the time of writing the paper owing to the fewness of the lines which had been observed and measured in them ; practically no lines were known in the second subordinate series of rubidium and csesium.
Some lines belonging to the subordinate series have been measured in Bunsen-flame and spark spectra by Lecoq de Boisbaudran, and in the arc spectrum by Liveing and Dewar, and by Kayser and Runge. Lehmann has measured some lines in the arc spectra in the red region. Lines recorded by these observers were found by the writer, with considerable intensity, in the oxyhydrogen flame spectra of the metals; and other lines, weaker than the above, were present which had never been recorded. Photographs of these high-tempeiature flame spectra were taken with a spectrometer designed by Professor Liveing, fitted with a Rowland plane grating ruled with 14,438 lines to the inch. The quartz lenses were plano-convex with a focal length for the D lines of about 778 mm. The spectra in the first and second orders were photographed, and some measurements were made in the red region by eye observations. Spark spectra were photographed, superimposed on the flame spectra, of iron and titanium principally, but other metals were also employed. These furnished the numerous fiducial lines required for the accurate determination of the wave lengths.
The lines in the subordinate series are generally more diffuse than those in the principal series. Some of the weaker lines, notably those of caesium, are very broad with diffuse edges; very accurate measure ment of these is impossible.
Particulars of the spectra are recorded below; the oscillation fre quencies are reduced to their values in a vacuum. The lines have been sorted into the principal and the first and second subordinate series, and marked P, I, or II, with the number of the line, according to Rydberg's formula, in the sixth column. The wave-lengths of the lines which have been observed before are given in the fourth column. Diagrams of these spectra were drawn, as described in my former paper, to scales of oscillation frequencies for abscissae, and (1) atomic masses, (2) squares of atomic masses for ordinates. The conclusions previously deduced from the less complete data were thereby amply confirmed. There is undoubtedly a very close connection between the spectra and the atomic masses; and the lines, which connect the corresponding members of homologous doublets in diagram (2), do intersect on the line of zero atomic mass.
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The two limits in each spectrum towards which the two subordi nate series appeared to converge were determined by a slight modifi cation of Rydberg's method combined with graphical methods. These were inserted in the diagrams and curves were drawn through the points. In diagram (1) the curves were turned away from each other and the points of bisection of the lines between the limits lay on a straight line; so also did the points of bisection of the lines between the two more refrangible and corresponding doublets of the second subordinate series. In diagram (2) the curves through the limits of the series, when produced, intersected on the line of zero atomic mass. This fact indicates that the difference between the two limits of the series, while not proportional to the scjuare of the atomic mass, is a simple function of it. Rydberg, Kayser and Runge, and Rummel* have each shown that the differences between the convergence points of the subordinate series are approximately proportional to the squares of the atomic masses.
A diagram of the spectra and limits of the series was also drawn for the three metals to scales of wave-lengths and atomic masses. The more refrangible limits of the subordinate series and the more refrangible members of the second series now lay on straight lines; the change in wave-length was thus proportional to the atomic mass.
After a careful study of the facts and many computations, it was found possible to calculate the subordinate series with considerable accuracy by the following formulae.
The first Subordinate Series.
The two convergence points (nfi) of this series are obtained as follows : n = 22830 -21*633 W ± where W is atomic mass and A is the average difference between the doublets. The latter quantity, as determined from the lines which are best suited for accurate measurement, is for potassium 57*8, for rubidium 236*4, and for caesium 547*6. These values, as shown above, are simple functions of the atomic mass; but the best method of expressing them is not yet clear. This formula gives the following values for nx belonging to the doublets of the first subordinate series:-Potassium, 21953*9 and 22011*7; rubidium, 20861*8 and 21098*2; and caesium 19677*2 and 20224*8. 
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Differences.
